Reviewer #1 Expert in circadian biology (Remarks to the Author):
serine/threonine kinase Akt was shown to phosphorylate BMAL1 in a conserved serine residue, relating this with its subsequent association with 14-3-3 proteins, nuclear export and decrease in its binding to some of its DNA target sites. The authors also show that when the feeding schedule is abruptly changed, the change in the levels of nuclear BMAL1 is an early event, presiding the changes in Bmal1 gene transcription itself, total BMAL1, and mRNA levels of downstream genes, suggesting that the signaling cascade mediated by insulin-AKT-BMAL1 may have a key role in the clock resetting by food.
Comments:
In general, the paper needs a careful revision of spelling, an improvement of the Methods section, as well as to include a careful discussion of the results. . 1g ), suggesting such insulin effect is mediated by BMAL1".The results should be discussed in light of a preceding paper that demonstrates Bmal1 deficiency disrupting the induction of phospho-AKT by insulin (Zhang et al., JBC 2014), thus in this experiment they should have introduced an adenovirus with a constitutive active form of AKT, in order to see the specific contribution of BMAL without the confusion of upstream defects in the insulin signaling pathway. c) Page 6: "This notion was further supported by the in vitro results that S42A mutation unstabilized BMAL1 in HEK 293T cells (sup. fig. 2e )". There seems to be variability between some of the experiments, or there is an important cellular context-dependent effect, that should be addressed. In this case, at time 0 (before treatment sup. fig.2e ) the levels of BMALmutant in HEK293T as judge by the flag signal are reduced when compared with the WT at the same time 0. But the basal levels of whole BMAL1 in primary hepatocytes infected with the mutant are clearly higher before any treatment than those hepatocytes infected with the WT (Fig 2c) . These same differences before treatment in BMAL whole levels also occurs in AKT2 KO experiments, where in in vivo experiments BMAL1 levels are lower in the KO than in the WT, but the primary hepatocytes of the AKT2 KO mice have previous to treatment BMAL levels (as judge by the signal obtained with the flag-BMAL1 antibody) comparable to those of the WT. So at least with regard to total BMAL stability standardization is needed. d) Page 7-8: "As a result, BMAL1 mutants containing S42A induced much higher Per1-Luc activity than that of wild-type BMAL1 (20-fold over 8 fold) with co-expression of CLOCK in HEK293T cells and neither S422A nor S513A mutation exhibited similar effects ( fig. 3g ), suggesting the potential role of Ser2 phosphorylation in suppressing basal transcriptional activity of BMAL1". Why did the authors include the other mutants here? Why, given that they already had the constructs, were the mutants not used in the initial experiments aimed to disentangle the key residue for AKTphosphorylation (e.g. 2c-and beyond, sup. fig2)? e) Regarding the assertion in page 8: "these results suggest that phosphorylation of Ser 42 by insulin triggers BMAL1 to dissociate from DNA..."; it is recommended to write instead: "may trigger BMAL1 to dissociate", because the experiments presented are not sufficient to demonstrate that the less or the more BMAL1 on the chromatin is due to the variation in BMAL1 levels within the nucleus or to a change in its affinity for target sequences. f) Page 8: "However, the role of insulin signal in food entrainment resetting hepatic clock is still unknown." Minimally here the studies of restricted feeding and circadian gene expression done in streptozotocin-treated or other animal models of diabetes should be cited (Oishi et al., 2004; Hoffman et al., 2013; Tseng et al., 2015) . g) Page 9: The authors mention a reduction in leptin rhythm amplitude. Why did they measure leptin? Instead, or in addition to, they should have measured glucagon, which is known to affect Bmal1 (Sun et al., JBC 2014). And discuss it. h) Page 9: "Taken together, our results revealed an essential role of insulin in the regulation of BMAL1 transcriptional activity by determining its nuclear localization via AKT-mediated S42 phosphorylation in the liver under physiological conditions (sup. fig 4f) , which plays an initiating and sustaining function in hepatic clock reset by food entrainment". This notion is not fully supported by studies in diabetic rats (Oishi et al., 2004) . The authors should discuss the discrepancies. Additionally, it is known that BMAL also affects the capacity of AKT for being activated by insulin (Zhang et al., JBC 2014). It would be also interesting to discuss it.
Methods:
Methods should be more detailed and carefully written before publication. Some examples for improvements are: i) Animals and Experimental Design. The Akt2-/-mouse line was from Z. Yang (to give the complete name and institution). The Alb-Cre mouse line was from Y Liu; and the Bmal1fl/fl mouse line was purchased from Jackson Laboratories: at which experiments were these animals included? Specify. j) Cell culture. Given the importance of culture conditions for circadian clock gene expression (Yamajuku et al. Sci Rep 2012), the authors have to be more explicit in their methods. k) Page 12, Immunoblot: in which experiment was the HSP90 antibody used? It is needed the catalogue number of all the antibodies used, for reproducibility purposes. Page 13, Mass spectrometry: absolutely scarce, how did they prepared the samples, which mass spectrometry method and/or equipment was utilized? Which criteria did they use to characterize the phosphorylation sites? Immunostaining. Important, specify after how many hours after serum synchronization were the experiments done.
l) The experiments done in vivo, with AKT2 KO animals (Figures 2g and 4b ) would be suitable complemented (and the conclusions strengthened) using three animals injected in the tail-vein with Ad-FLAG-S42A-BMAL1 (the authors already have the adenoviral construction, as indicated in Fig 3H legend) . m) Fig. 3h . There are required control no-refed groups, in order to compare the changes in BMAL phosphorylation in response to a physiological challenge. Otherwise, how could be explained the abrupt change in DBP and NR1D1 proteins at just 30 minutes after re-feeding? fig. 2c it is suggested a Coomasie staining, to ensure the amount of protein is similar, and to ensure that it didn't have a proteolytic event in the protocol process. To include in Methods sf9 cells. q) Fig. 2g . Do AKT2 KO animals have a food intake circadian rhythm similar to WT? It is important to indicate that in the text. In order to confirm the hypothesis that akt2 signaling is essential for nuclear BMAL1 circadian rhythm, it would be useful to compare the results with those of liver-specific constitutive-active AKT2 mutant mice. r) Fig. 3f . Why are the input signals so weak? s) Fig. 3g . I do not understand why Per1 transcription is not affected when the S422A and S513 variants are added conjointly with the S42A mutant (black bars)? Were they used in equal quantities? One could expect a decrease in the transcription rate due to competition; with a consequent bar length between the one of WT+CLOCK and S42A+CLOCK. Dang et al report that insulin promotes Akt-dependent phosphorylation of S42 in BMAL1, thereby prompting its association with 14-3-3 proteins and redistribution from the nuclear to the cytoplasmic compartment and disrupting its effects on gene expression, including its ability to function as a partner with CLOCK in the regulation of diurnal rhthms.in the liver. The authors propose that insulin/Akt signaling to BMAL1 S42 accounts for the ability to reset the biological clock in the liver in response to alterations in feeding patterns.
The authors provide clear evidence indicting that BMAL1 is a target of insulin/Akt signaling, and that Akt phosphorylation of Ser42 plays an important role in the recruitment of 14-3-3 proteins and nuclear exclusion of BMAL1 in hepatocytes. This is a novel, and important result, and it is reasonable to speculate that that these effects will have an important impact on clock function in the liver.
At the same time, it remains possible that other mechanisms also may contribute to re-entraining the clock in the liver when the timing of food intake is altered, and additional studies evaluating the relative importance of this specific mechanism in mediating the effect of insulin and feeding on the expression of known BMAL1 downstream targets and function of the clock would further strengthen the manuscript and enhance its potential impact.
Major Concerns: 1. Studies in Akt2 KO mice support the concept that Akt 2 plays an important role in promoting nuclear exclusion of BMAL1, but they do not demonstrate that S42 is critical for this effect. Additional studies are needed to show that S42 is required to mediate effects of Akt on BMAL1 nuclear/cytoplasmic trafficking, and regulation of clock function. One experiment would be to express BMAL1-GFP fusion proteins with/without mutation of S24 and show that replacement of S24 with alanine disrupts the ability of insulin to promote nuclear exclusion of BMAL-GFP in an Aktdependent fashion (e.g. with/without Akt inhibition). Co-transfection studies with consitutitvely active Akt also would demonstrate direct S42-dependnet effects on BMAL1 translocation.
2. Similarly, studies are needed to determine whether S42 phosphorylation is required to mediate effects of insulin on the expression of downstream targets of BMAL1 (e.g. Dbp). If this is the case, overexpression of S42A BMAL1 would be expected to disrupt the ability of insulin (and/or Akt) to supress the expression BMAL1 target genes. Similar studies can be performed utilizing promoter assays to show whether BMAL1 protein and cis-acting BMAL1 sites are required to mediate effects of insulin/Akt on promoter activity, and whether overexpression of S42A BMAL1 blocks these effects of insulin/Akt.
According to reviewers' comments and the regular format of the papers published on Nature Communications, we have made a major revision of our manuscript, in which we have added Introduction and Discussion sections and reorganized figures. For reviewers' convenience, we provided corresponding figure numbers used in the last submitted version and current manuscript in below responses.
Reviewer #1 1) Most of the presented protein data is not quantified and no statistical analysis of these data are provided.
Answer:
We have quantified and statistically analyzed most of the protein data in this revised manuscript (e.g. Fig. 1d , 2b, S2c, S2f, S2h, S3a, S4b, and S4c in the current manuscript, corresponding to Fig. 1d , 2b, 2c, 2d, 2e, 2g, 4a, and 4b in the last submitted version).
2) The issue of interest is the distribution of BMAL1 in the nucleus and the cytosol. The authors provide this data in several figures but in others only nuclear extracts are compared to total extracts (e.g. Fig. 1c , d, 2g, 4a). Is there a rational behind this or did the cytosolic extracts simply not look good enough?
Answer: To keep nuclear extracts from cytosolic contamination, we used stringent conditions to ensure the lysis of all the cells, especially those in liver samples, which made cytosolic extracts contaminated from nuclear parts. As we mainly focused on studying the nuclear accumulation of BMAL1, we didn't provide cytosolic BMAL1 data in all figures in the last manuscript. In the present version of manuscript, we provided the data of cytosolic BMAL1 protein levels in the corresponding liver samples (Fig. 1c, 1d and 3a in the current manuscript, corresponding to Fig. 1c, 1d and 2g in the last submitted version).
3) A discussion is missing completely. The authors may discuss their findings and put them in relation to the recent papers by Mukherji et al., 2015, PNAS E6683-E6690 and E6691-E6698. They describe the effects of shifted feeding, without providing the upstream mechanism described here. How do the authors envisage the regulation of Ser42 phosphorylation of BMAL1 in vivo? Is there a competition between the S6K and AKT? What nutritional state would favor S6K over AKT or vice versa?
Answer: We have added the Discussion section in the revised manuscript and discussed the issues proposed by Reviewer1 (page 15, line 11; page 17, line 15). Briefly, the data about the effects of shifted feeding on the expression profiles of core clock members (e.g. Bmal1 and Rev-erba) are consistent between the two studies by Mukherji et al., and us. In addition to the involvement of PPARα and Glucagon receptor in RF resetting peripheral clock in their papers, our results provide new mechanism to show that insulin play an important role to initiate the phase shift of hepatic clock by affecting nuclear accumulation of BMAL1 proteins. S6K has been shown to be activated by insulin-AKT-mTOR signaling cascade. It has been shown that insulin induces AKT activity within 5 minutes, whereas, S6K activity much later 1, 2 . Thus, it's very likely that there's no competition between S6K and AKT for the regulation of Ser42 phosphorylation of BMAL1, instead, these two kinases temporally coordinate the inhibition of insulin on nuclear accumulation of BMAL1 proteins via the phosphorylation of its Ser42 residue, which is initiated by AKT and maintained by S6K. We discussed this issue in the revised manuscript (page 8, line 18, page 16, line 19). 4) Scale bars are missing in the Immunohistochemistry data (Fig. 1b) .
We have added scale bars in Fig. 1b in the current version.
5) The writing should be improved. There are passages that are hard to understand and in some cases may even lead to misunderstandings. This is a very important issue! Answer: We are sorry for our mistakes. We tried our best to improve the writing and correct the mistakes, and had our manuscript checked by a professional English editor. 6) Figures are mislabeled and do not conform to the citation in the text, which leads to confusion when reading the paper. Please correct this and carefully adapt the text or figures.
Answer: We are sorry for our mistakes. We have correct this mistake and adapted the text and figures in the present manuscript. Figure S2a is not well described and therefore is not easy to understand for a non specialist in MS.
7)

Answer:
We have described this experiment in details in the Method section (page 22 line 21) and annotated the phosphorylation site in Supplementary Fig. 2a (up) in the revised manuscript.
8) The methods are in many cases rudimentary and should be more detailed (e.g. immunohistochemistry, Mass Spectrometry) Answer: We have detailed the methods in our revised version, and thank for Reviewer1's constructive suggestion (page 18-23).
Reviewer #2:
a) The authors determined that an insulin injection to fasted animals "led to significant attenuation of BMAL1 occupancy on the promoters of its target genes (e.g. Dbp and Nr1d1, fig. 1e ) and subsequent reduction of their transcription (fig 1f) ". Previous studies have shown that insulin indeed increases transcription of two core clock genes: Per1 and Per2 (Yamajuku et al. 2012), which seems incompatible with their observation, do the authors have an explanation? Answer: Although it seems that our data conflict with the conclusion of the work by Yamajuku et al., there's actually no discrepancy between these two studies. There's an interesting phenomenon of BMAL1 regulating Per1 and Per2 expression in vivo:
Bmal1 knockout has been reported to increase the mRNA levels of Per1 and Per2 in mouse liver, in contrast, decrease Dbp and Nr1d1 expression 3, 4 . As insulin suppressed BMAL1 transcriptional activity, we expected to observe similar events in mice with insulin injection. Indeed, our data showed that intraperitoneal injection of insulin enhances hepatic expression of Per1 and Per2 in vivo (please see below figure) . 
We have performed the experiments according to Reviewer2's suggestion and the data showed that the overexpression of a constitutive active AKT2 (AKT2-CA) significantly reduces Dbp expression in WT primary hepatocytes, but not in Baml1 null hepatocytes ( Supplementary Fig. 3i ), which supports our hypothesis. c) Page 6: "This notion was further supported by the in vitro results that S42A mutation unstabilized BMAL1 in HEK 293T cells (sup. fig. 2e )". There seems to be variability between some of the experiments, or there is an important cellular context-dependent effect, that should be addressed. In this case, at time 0 (before treatment sup. fig.2e ) the levels of BMALmutant in HEK293T as judge by the flag signal are reduced when compared with the WT at the same time 0. But the basal levels of whole BMAL1 in primary hepatocytes infected with the mutant are clearly higher before any treatment than those hepatocytes infected with the WT (Fig 2c) . These same differences before treatment in BMAL whole levels also occurs in AKT2 KO experiments, where in in vivo experiments BMAL1 levels are lower in the KO than in the WT, but the primary hepatocytes of the AKT2 KO mice have previous to treatment BMAL levels (as judge by the signal obtained with the flag-BMAL1 antibody) comparable to those of the WT. So at least with regard to total BMAL stability standardization is needed.
Answer: Since BMAL1-S42A protein is unstable, we intentionally infected cells with more adenoviruses expressing BMAL1-S42A than WT control to ensure that the abolishment of S42 phosphorylation is not due to less total BMAL1 protein levels. As Reviewer2 suggested, we normalized BMAL1-WT or S42A protein levels with those of GFP that is constructed in the same virus with BMAL1, and showed that the relative protein levels of BMAL1-S42A are lower, compared with WT control (Fig.  2b and Supplementary Fig. 2c and 2h ) in the current manuscript, corresponding to Fig. 2b, 2c and 2e in the last version).
d) Page 7-8: "As a result, BMAL1 mutants containing S42A induced much higher Per1-Luc activity than that of wild-type BMAL1 (20-fold over 8 fold) with co-expression of CLOCK in HEK293T cells and neither S422A nor S513A mutation exhibited similar effects ( fig. 3g ), suggesting the potential role of Ser2 phosphorylation in suppressing basal transcriptional activity of BMAL1". Why did the authors include the other mutants here? Why, given that they already had the constructs, were the mutants not used in the initial experiments aimed to disentangle the key residue for AKT-phosphorylation (e.g. 2c-and beyond, sup. fig2)?
Answer: The reason that we included other mutants in Fig. 3g is to indicate the importance of S42 phosphorylation for BMAL1 transcriptional function. We actually used other mutants to explore the key residues for AKT-phosphorylation and found that the mutation of other serine residues has little effect on AKT phosphorylation of BMAL1 proteins. We showed one of these results in Fig. 2d in the revised manuscript.
e) Regarding the assertion in page 8: "these results suggest that phosphorylation of Ser 42 by insulin triggers BMAL1 to dissociate from DNA..."; it is recommended to write instead: "may trigger BMAL1 to dissociate", because the experiments presented are not sufficient to demonstrate that the less or the more BMAL1 on the chromatin is due to the variation in BMAL1 levels within the nucleus or to a change in its affinity for target sequences.
We thank for Reviewer2's insightful suggestion and have corrected this issue in our present manuscript (page 12, line 11). 
We have cited these papers in our revised manuscript (page 4, line 11; page 12, line 21).
g) Page 9: The authors mention a reduction in leptin rhythm amplitude. Why did they measure leptin? Instead, or in addition to, they should have measured glucagon, which is known to affect Bmal1 (Sun et al., JBC 2014). And discuss it.
Answer: The reason that we measured leptin levels is not because we thought leptin may affect Bmal1 expression. In the food entrainment experiments, we noticed that RF significantly increases food intakes, the mouse stomach sizes and weights at ZT4, 8, and 12 in each day ( Fig. S3c and S3d in the last version and Fig 5e and Supplementary Fig. 4e in the current one). As leptin is one of the major hormones to inhibit animal appetite, we measured its plasma levels to show that RF not only reverses the phases but also decreases the amplitudes of leptin levels to result in the increase of food intakes. In addition, we measured the glucagon levels around Day3-ZT16, ZT4 when insulin levels were strikingly changed by RF, and found no significant difference between AF and RF groups ( Supplementary Fig. 4f ), which may be due to short fasting periods and lots of food consumption before fasting. h) Page 9: "Taken together, our results revealed an essential role of insulin in the regulation of BMAL1 transcriptional activity by determining its nuclear localization via AKT-mediated S42 phosphorylation in the liver under physiological conditions (sup. fig 4f) , which plays an initiating and sustaining function in hepatic clock reset by food entrainment". This notion is not fully supported by studies in diabetic rats (Oishi et al., 2004) . The authors should discuss the discrepancies. Additionally, it is known that BMAL also affects the capacity of AKT for being activated by insulin (Zhang et al., JBC 2014). It would be also interesting to discuss it.
Answer: We agree with Reviewer2's comments. With the new results, we think that insulin plays an important role in the initiation of hepatic clock reset by food entrainment but not sustaining the whole process. We have changed the description (page 2 , line 12; page 15, line 18) and discussed this issue as Reviewer2 suggested (page 16, line 9). Briefly, we think that the depletion of insulin may only delay but not block the reset of hepatic clock, as other hormones (e.g. glucocorticoids) also affect the expression of Bmal1 and other clock genes. Under circumstances without activating insulin signaling in the liver, for example STZ injection, the oscillation of nuclear BMAL1 accumulation should most likely follow the fluctuation of its total expression. Thus, RF should be still capable of resetting the former by reversing the latter through glucocorticoid signaling in the absence of insulin signaling activity, as Answer: HEK293T and HepG2 cells were purchased from ATCC, cultured in DMEM supplemented with 10% fetal bovine serum, 1% penicillin/streptomycin and 1% l-glutamine. Mouse primary hepatocytes were prepared, cultured and infected with adenoviruses as previously described 5 . Briefly, the hepatocytes were isolated using collagenase (Sigma) and plated on dishes coated with rat tail tendon collagen (Sigma) according to manufacturer's instructions. Before experiments, all the cells were synchronized by 12 hour serum starvation, which also reduced the background of insulin signaling. We have included the above information in the Method (page 19, line 19). k) Page 12, Immunoblot: in which experiment was the HSP90 antibody used? It is needed the catalogue number of all the antibodies used, for reproducibility purposes. Page 13, Mass spectrometry: absolutely scarce, how did they prepared the samples, which mass spectrometry method and/or equipment was utilized? Which criteria did they use to characterize the phosphorylation sites? Immunostaining. Important, specify after how many hours after serum synchronization were the experiments done.
Answer: There's no experiment using HSP90 antibody in our study. We're sorry for this mistake and have corrected it. We added the detailed information of all the antibodies used and mass spectrometry protocol in the Method (page 21, line 2; page 23, line 1). We synchronized hepatocytes with 12 hour serum starvation for immunostaining experiments.
l) The experiments done in vivo, with AKT2 KO animals (Figures 2g and 4b) would be suitable complemented (and the conclusions strengthened) using three animals injected in the tail-vein with Ad-FLAG-S42A-BMAL1 (the authors already have the adenoviral construction, as indicated in Fig 3H legend) .
We have performed the experiment as Reviewer2 suggested and added the results in the revised manuscript (Supplementary Fig. 3d ). m) Fig. 3h . There are required control no-refed groups, in order to compare the changes in BMAL phosphorylation in response to a physiological challenge. Otherwise, how could be explained the abrupt change in DBP and NR1D1 proteins at just 30 minutes after re-feeding?
Answer: According to Reviewer2's suggestion, we have redesigned this experiment by replacing refeeding with insulin injection and replaced the results in the revised manuscript (Fig. 4d). n) Fig 1d. The subtitle "fasted" should be instead "time post-injection" Answer: We're sorry for this mistake and have corrected it (Fig. 1d).   o) Fig 2c. Why the authors did not use an antibody to p-AKT-Substrate as in 2a and 2b, in order to know if the other two putative AKT phosphorylation sites in BMAL1 protein are also phosphorylated by insulin stimulation?
Answer: According to Reviewer2's suggestion, we have redesigned this experiment and added the result in the revised manuscript (Fig. 2d) . p) Fig. 2f . In this, as in Sup. fig. 2c it is suggested a Coomasie staining, to ensure the amount of protein is similar, and to ensure that it didn't have a proteolytic event in the protocol process. To include in Methods sf9 cells.
Answer: According to Reviewer2's suggestion, we have included the coomassie staining results in the revised version ( Fig. 2g and Supplementary Fig. 2d ). q) Fig. 2g . Do AKT2 KO animals have a food intake circadian rhythm similar to WT? It is important to indicate that in the text. In order to confirm the hypothesis that akt2 signaling is essential for nuclear BMAL1 circadian rhythm, it would be useful to compare the results with those of liver-specific constitutive-active AKT2 mutant mice.
We have measured the food intake circadian rhythm of Akt2 KO and WT mice and found that Akt2 KO mice have a food intake circadian rhythm similar to WT ones. The data are added in the revised version ( Supplementary Fig. 3c ). As liver-specific constitutive-active AKT2 mutant mice are not available, we checked the effects of constitutive-active AKT2 mutant on nuclear BMAL1 circadian rhythm in primary hepatocytes. The results showed that constitutive-active AKT2 mutant (AKT2-CA) almost abolishes the oscillation of nuclear BMAL1 amounts ( Fig. 3b and Supplementary Fig. 3e ), which further supports our hypothesis. r) Fig. 3f . Why are the input signals so weak?
The weak input signals are due to a short exposure time of the film during immunoblotting assay. We have replaced this weak input signals with a stronger one with a longer exposure time (Supplementary Fig. 3j ). s) Fig. 3g . I do not understand why Per1 transcription is not affected when the S422A and S513 variants are added conjointly with the S42A mutant (black bars)? Were they used in equal quantities? One could expect a decrease in the transcription rate due to competition; with a consequent bar length between the one of WT+CLOCK and S42A+CLOCK.
Answer: In the results of Fig. 3g , we did not use three plasmids with a single mutation in BMAL1-S42A/S422A/S513 experimental condition. Instead, we transfected cells with only one plasmid expressing BMAL1 with a triple mutation and applied similar strategy for other conditions. Therefore, we used the same amount of BMAL1 plasmid in each condition. We changed the label and legend to clarify this issue (Fig. 4b in the revised manuscript) . t) Do AKT2 KO mice have no circadian rhythms in the clock-output genes?
Answer: We checked the expression profile of clock-output genes (e,g, Dbp and Nr1d1) in the liver of ad libitum fed AKT2 KO mice. The results showed that Akt2 knockout enhances the expression levels of these two genes at multiple time points, especially during nighttime ( Supplementary Fig. 3b in the revised manuscript) , which is consistent with the increase of nuclear BMAL1 accumulation in these mice (Fig 3a  in the revised manuscript) . However, the expression patterns of these two genes still show daily rhythm with the similar phase in Akt2 knockout mice, compared with WT ones, which may be due to the presence of other unaffected circadian regulators, such as CRY or glucocorticoid signaling). provided us the mass spectrum data in 2011, they only gave a list of all detected peptides with or without phosphorylation, which includes the other two possible phosphorylation sites of BMAL1 (e.g. S412 and S533, please see the below list) and details of the peptide containing S42 (the positive result), but not those unphosphorylated ones that including these two possible phosphorylation sites. As they have not kept the details for negative results, we cannot draw similar figures for these two possible phosphorylation sites. However, our other data (Fig. 2d in the revised manuscript) confirmed that these two sites are not phosphorylated by AKT. Answer: It was due to a short exposure time, we have selected a stronger signal to replace the former one ( Supplementary Fig. 2d in the revised manuscript). Answer: We're sorry for this mistake and have deleted it in the present version (Fig.  6d ).
Reviewer #3: (1) Studies in Akt2 KO mice support the concept that Akt 2 plays an important role in promoting nuclear exclusion of BMAL1, but they do not demonstrate that S42 is critical for this effect. Additional studies are needed to show that S42 is required to mediate effects of Akt on BMAL1 nuclear/cytoplasmic trafficking, and regulation of clock function. One experiment would be to express BMAL1-GFP fusion proteins with/without mutation of S24 and show that replacement of S24 with alanine disrupts the ability of insulin to promote nuclear exclusion of BMAL-GFP in an Akt-dependent fashion (e.g. with/without Akt inhibition). Co-transfection studies with constitutively active Akt also would demonstrate direct S42-dependnet effects on BMAL1 translocation.
We have performed both experiments as Reviewer3 suggested. The data showed that BMAL1 with S42A mutation resists to insulin or constitutively active AKT (AKT-CA) induced nuclear exclusion (Fig 3f. and 3g in the revised manuscript).
(2) Similarly, studies are needed to determine whether S42 phosphorylation is required to mediate effects of insulin on the expression of downstream targets of BMAL1 (e.g. Dbp). If this is the case, overexpression of S42A BMAL1 would be expected to disrupt the ability of insulin (and/or Akt) to supress the expression BMAL1 target genes. Similar studies can be performed utilizing promoter assays to show whether BMAL1 protein and cis-acting BMAL1 sites are required to mediate effects of insulin/Akt on promoter activity, and whether overexpression of S42A BMAL1 blocks these effects of insulin/Akt.
We have performed the experiments according to Reviewer3's suggestion. As expected, these results showed that BMAL1-S42A disrupts the ability of insulin to suppress Dbp and Nr1d1 expression (Fig. 4c-d in the revised manuscript) (3) In vivo studies addressing the role of S42 phosphorylation in the regulation of clock function in the liver also would strengthen the study. Short of creating an S42A knock-in mouse, adenoviral expression of S42A BMAL1 in the liver would be expected to result in constitutively nuclear BMAL1, and disrupt both the regulation of clock in the liver, and the ability to reset the hepatic clock altering the timing of feeding. If these experiments succeed, they will provide clear evidence for S42 phosphorylation in the regulation of hepatic clock activity. If they do not show this result, they will suggest that other mechanisms are sufficient to maintain effects of refeeding time on clock activity in the liver.
We have performed these experiments according to Reviewer3's suggestion. As expected, our results showed that adenoviral expression of FLAG-BMAL1-S42A in the liver increases nuclear FLAG-BMAL1 accumulation, enhances clock controlled gene expression (e.g. Dbp and Nr1d1), especially under refeeding or insulin-injection conditions. (Fig. 6b-c and Fig. 4d in the revised manuscript) . Consistent with the results of Akt2 KO mice (Fig. 3a, Supplementary Fig 3b in the revised manuscript) , the expression levels of hepatic Dbp and Nr1d1 are increased at multiple time points in mice adenoviral expressing FLAG-BMAL1-S42A during Day1 of RF, especially in the daytime (feeding period), but their daily expression patterns still exhibit similar fluctuations as those in mice with adenoviral expressing FLAG-BMAL1-WT (Fig. 6c in the revised manuscript), which may be due to either the existence of endogenous BMAL1 protein that is sensitive to insulin signaling, or the presence of other unaffected circadian regulators, such as CRY or glucocorticoid signal.
(4) The authors utilize a site-specific antibody to measure phosphorylation of serine 42 in BMAL1. Since this appears to be a new reagent that has not been previously reported, please describe how this antibody was made, and provide data demonstrating its specificity, including full length western blots and competitive inhibition studies with phospho-and non-phosphopeptides.
Answer: As Reviewer3 suggested, we have performed the experiments and added the data in the revised version ( Supplementary Fig. 2e in the revised manuscript).
(5) p. 3, last sentence. The authors state several times that insulin "stimulates" translocation of BMAL1 from the nucleus to the cytoplasmic compartments. Since S42 is located within a nuclear localization signal, a more likely scenario is that phosphorylation of S42 masks this NLS, thereby preventing translocation from the cytoplasmic compartment into the nucleus, thereby trapping it in the extranuclear space. The text and summary figure should be revised to include this possibility.
Answer: We totally agree with Reviewer3's opinion and modified the corresponding description in the text (page 6, line2 in the current manuscript, corresponding to page 3, last sentence in the last submitted version) and summary figure (page 37, last sentence and Fig. 6d in the revised manuscript).
(6) p. 4, line 6. Remove the "s" at the end of "accumulations".
We're sorry for this mistake and have corrected it in the revised manuscript (page 6, line 9).
(7) p. 4, last line. Suggest replacing "determine" with "limit".
We corrected this issue in the revised manuscript (page 7, line 5).
(8) p. 5, line 4. Insert "of" after "exposure".
We're sorry for this mistake and have corrected it in the revised manuscript (page 7, line 12). Answner: We're sorry not to understand the question, but assume that Reviewer3 may think that the description of "resulting in the loss of its nuclear rhythm ( fig. 2g )" (page 6, line 2 in the last version) is unappreciated. Therefore, we changed it to "which results in the disruption of its nuclear rhythm (Fig. 3a) ", (page 9, line 10) in the revised manuscript (10) The authors note that S42A BMAL1 is more efficiently recruited to the Dbp and
